inflammasomes engage and activate caspase-1, which activates the proinflammatory cytokines interleukin-1β (IL-1β) and IL-18 as well as cell death termed "pyroptosis." 4, 5 The best-studied inflammasome contains the protein NLRP3 which engages the adapter molecule ASC then recruiting and activating the effector enzyme caspase-1. 6 Although most activators of NLRP3 lead to caspase-1 engagement by canonical inflammasome activation, 7 recent studies during infections with Gram-negative (but not Gram-positive) bacterial pathogens engagement of caspase-11 (human as caspase -4) was essential to facilitate NLRP3-ASC-dependent caspase-1 activation and IL-1β maturation. 8 Rathinam et al proposed that procaspase-11 undergoes autoprocessing when expressed at significant levels through TLR4/Trif-mediated type-I-IFN production. 9 Kayagaki et al show that higher quantities of LPS, which reach the cytoplasm can also be sensed in a TLR4-independent manner through an as-yet-unidentified receptor which leads to the activation of caspase-11. 10 In addition to activating caspase-1, caspase-11 can cause host-cell death in a caspase-1-independent way which results in non-canonical NLRP3 inflammasome activation. 11 What is the identity of the as-yet-unidentified receptor?
Early research revealed that the lysosomal protease cathepsin B
is capable of activating caspase-11 under cell-free conditions.
12,13
However, whether cathepsin B has the same effect in vivo is still unknown.
About one-third of patients with sepsis shock result from Gramnegative bacterial infections with a high mortality rate. 14 Highly specific TLR4-inhibiting drugs recently failed to reduce deaths from sepsis in human clinical trials. 15 A better understanding of the noncanonical NLRP3 inflammasome activation in Gram-negative bacterial recognition may improve the outcome of sepsis.
Our previous experiments showed synchronous increase of cathepsin B activity and caspase-11 in LPS-primed Kupffer cells (KCs). We propose a new assumption: cytoplasmic LPS will facilitates cathepsin B activation and subsequently cleave proinflammatory caspase-11 into enzymatic active caspase-11 results in non-canonical NLRP3 inflammasome activation.
| MATERIAL S AND ME THODS

| Reagents
LPS (Escherichia coli O111:B4) and FITC-LPS were purchased from Sigma (Saint Louis, MO, USA). FuGENE transfection reagent was procured from Promega (Madison, WI, USA). The inhibitor N-[[(2S,3S)-3- 
| KCs experiments
KCs were isolated separately from liver of wild-type (WT) C57BL/6
mice and TLR4 -/-mice by collagenase digestion and differential centrifugation as described in the literature of Pei-zhi Li et al. 16 KCs were cultured in 6-well plates at a density of 1 × 10 6 cells/well in DMEM (Hyclone, USA) containing 10% FBS (Hyclone, USA) and 1%
antibiotics (100 U/mL of penicillin G and 100 mg/mL of streptomycin sulphate) at 37°C in a humidified incubator. KCs were randomly divided into 5 groups: control group, low-dose LPS group, large dose LPS group, CA-074-Me group (CA-074 group) and cathepsin B
shRNA transfection group (shRNA group). The KCs of shRNA group were transfected to cathepsin B shRNA plasmid (Santa Cruz, USA)
according to the shRNA transfection protocol. The KCs of CA-074 groups were pretreated with 100 μM/L CA-074-Me 1 hour prior to LPS stimulation. Then, cells in low-dose LPS group were added fresh medium containing LPS (10 ng/mL) and except the control group,the remaining 3 groups were added fresh medium containing LPS (10 μg/mL) and harvested at 0, 2, 4 and 6 hours, respectively.
To observe the intracellular uptake of LPS, FITC-LPS (10 μg/mL) was used to stimulate KCs and FITC-LPS (1 μg/mL) was encapsulated by transfection reagents and transfected KCs. KCs were transfected with 1 μg/mL LPS plus 0.25% v/v FuGENE HD. 
| Animals experiments
Male WT C57BL/6 mice (8-10 weeks old) and TLR4 
| Transfection of cathepsin B shRNA
Cultured KCs, isolated from liver of WT and TLR4 -/-mice, were 
| Cytotoxicity assays
KCs were treated as described above and cytotoxicity was quantitated by measurement of lactate dehydrogenase (LDH) using the LDH Cytotoxicity Assay Kit (Beyotime Biotechnology) according to the manufacturer's instructions.
| Cytosolic cathepsin B activity assays
For the extraction of cytosolic protein without disruption of lysosomes, treated KCs,KCs isolated from treated mice or PBMC were lysed by a described digitonin extraction method. 18 After the removal of the medium, extraction buffer (25 μg/mL digitonin,
7.5) was added and incubated on ice for 5 min. The lysis was centrifuged (1 min, 14 000 × g, 4°C) and the resulting supernatant was transferred and assayed for cathepsin B activity using Cathepsin B Activity Fluorometric Assay Kit (Biovision) according to the protocol.
| ELISA
ELISA was used to assay levels of IL-18, IL-1α and IL-1β in supernatants harvested from treated KCs or serums obtained from mice to patients according to the protocol.
| Western blot analysis
Treated KCs, KCs isolated from treated mice and PBMC were directly β-actin were used. Finally, the membranes were developed using enhanced chemiluminescence detection kit (Pierce, USA) and exposed to autoradiographic film (Kodak, USA).
| Immunofluorescence and histological analysis
The protein expressions of cathepsin B and caspase-11 were detected by IF. In detail, KCs were seeded in a 24-well chamber slides at a density of 1 × 10 5 cells/well and incubated overnight. Cells were treated according to the above method mentioned in "KCs experiments." Then, the cells were fixed by 4% paraformaldehyde (PFA) for 10 min and incubated in goat serum for 1 h to block non-specific protein-protein interactions. The cells were then incubated overnight at 4 C with primary antibody diluted as indicated on datasheet (Abcam, Cambridge, MA, USA). Liver tissues harvested from treated mice were made into paraffin section and stained with haematoxylin and eosin (HE).
| Transmission electron microscope observation
Liver tissues harvested from treated mice were cut into a 1 millimetre cube and fixed in 2% glutaraldehyde. These specimens were delivered to the Electron Microscopy Center of Chongqing Medical University and observed under TEM.
| Statistics
All data are shown as means ± SD. Statistical significance was determined using the software spss 13.0 (SPSS, Inc., Chicago, IL, USA) by the one-way analysis of variance (ANOVA) for multiple comparisons and Student's t test for single comparisons. P < .05 was considered statistically significant. and IL-18 levels in TLR4 -/-mice were significantly lower than that in WT mice ( Figure 1D ). These data suggest that large doses of LPS stimulation in TLR4 -/-mice could still led to immune response which may be associated with the activation of caspase-11 and increased cathepsin B activity.
| Cathepsin B contributes to inflammasome activation in response to large doses of LPS by activating caspase-11
We explored further the connection between cathepsin B and caspase-11 in inflammasome activation on both TLR4 -/-and wild-type and WT KCs ( Figure 2E ). These data suggest that large doses of LPS (10 μg/mL) induce inflammatory cytokines generation and cell death in both TLR4 -/-and WT KCs which were related to caspase-11 activation and increased activity of cathepsin B.
| Inhibition of Cathepsin B activity or Cathepsin B knockdown reduce caspase-11 activation and inflammasome generation
To further verify the role of cathepsin B in caspase-11 activation and inflammasome generation, the activity and expression of cathepsin B
were downregulated by the cathepsin B inhibitor and gene knockdown. 
F I G U R E 3
The effects of cathepsin B inhibition or knockdown on NLRP3 inflammasome activation and pro-inflammatory cytokines levels in both TLR4 −/− and WT Kupffer cells (KCs). Cells were isolated separately from WT and TLR4 −/− mice and divided into the following 4 groups: the Control group, the LPS group and the CA-074 + LPS group, in which cells were infected with control shRNA lentiviral particles; and the shRNA + LPS group, in which cells were transfected with cathepsin B-shRNA lentiviral particles. When stable clones expressing the shRNAs were established, the cells in the LPS group, the CA-074 + LPS group and the shRNA + LPS group were stimulated with large dose of lipopolysaccharide (LPS) (10 μg/mL) and the KCs of CA-074 + LPS group were pretreated with 100 μM/L CA-074-Me 1 h prior to LPS stimulation. A, Immunoblot analysis of cathepsin B and inflammasome proteins NLRP3 expression in KCs 4 h after LPS stimulation. B, Enzyme-linked immunosorbent assay analyses of interleukin 1α (IL-1α), interleukin 18 (IL-18) and interleukin 1β (IL-1β) concentration changes in cells culture medium 4 h after LPS challenge. C, Cell death (% cytotoxicity) was measured by LDH release 4 h after large doses of LPS challenge. D, Cytosolic cathepsin B activity assays in KCs 4 h after large doses of LPS challenge. E, Laser confocal fluorescence detection of cathepsin B and caspase-11 protein colocalization. The results are depicted as means ± SD (n = 3). *P < .05
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| Cathepsin B activity and protein expression is upregulated in PBMC of patients with endotoxaemia
Western blotting analysis showed that caspase-4, processed caspase-4 (caspase-4 p19) and caspase-1 expression in the Patient group was much higher than that in the control group ( Figure 5A ). Cathepsin B activity in the cytosol increased significantly and the level of cathepsin B protein expression increased slightly in the patient group ( Figure 5A,C) . Meanwhile, the production of inflammatory cytokines was significantly increased in the patient group (P < .05; Figure 5C ). These data suggest an association between upregulation of cathepsin B activity and sepsis.
| D ISCUSS I ON
Many bacterial toxins promote inflammasome activation [19] [20] [21] and LPS-a prototypical endotoxin, elicit strong immune responses on hosts infected with Gram-negative bacteria which ultimately can lead to septic shock. 22, 23 Research has shown that Gram-negative bacteria elicit non-canonical inflammasome activation which depends on inflammatory pro-caspase 11 in mice. 24 Caspase-11 contributes both caspase-1-dependent and -independent outputs in inflammasometriggered pyroptosis which highlights a unique proinflammatory role for caspase-11 in the innate immune response to bacterial infections. 8 Consistent with previous research, our previous work demonstrated that LPS can be sensed in a TLR4-independent manner in the cytoplasm of host cells through an as-yet-unidentified receptor which leads to the activation of caspase-11. 10 We used ultra-high concentration of FITC-labelled LPS (10 μg/mL) to stimulate TLR4
−/−
KCs and observed that LPS was taken up into the cytoplasm. We speculated that it might be related to the internalization of LPS.
Hydrophilic polysaccharides and hydrophobic lipids located at both ends of LPS molecules make high concentration of LPS-forming polymer particles in aqueous solution and are easily phagocytosed and internalized by macrophages. We also encapsulated FITC-labelled LPS by transfection reagents and transfected KCs which mimicked LPS internalization by uptake of bacterial microvesicles. [25] [26] [27] We observed that the intracellular uptake of FITC-LPS was greater than simple ultra-high concentration LPS stimulation. However, its specific mechanism is still not clear. Jon A. Hagar et al found that cytoplasmic LPS activates caspase-11 which can promote IL-1β secretion by triggering the canonical NLRP3 pathway. 28 Some research
The impact of cathepsin B inhibition on cathepsin B activity, NLRP3 inflammasome activation, histopathological and ultrastructural changes in liver tissues and pro-inflammatory cytokines levels in TLR4 −/− mice. TLR4 −/− mice were divided into the following 4 groups: the NS group and the LPS group, in which mice were pretreated with intraperitoneal injection of 10 mg/kg sterile normal saline; the CA-074 group and CA-074 + LPS group, in which mice were pretreated with intraperitoneal injection of 10 mg/kg CA-074-Me. One hour after the first injection, mice in LPS group and CA-074 + LPS group were intraperitoneally injected of 20 mg/kg lipopolysaccharide (LPS Lasse Foghsgaard et al discovered TNF induces a translocation of cathepsin B from lysosomes to cytosol in ME-180 cervical carcinoma cells. 30 We speculated that disruption of the lysosomal membrane, We also performed cathepsin B activity and analysed caspase-4 expression in the PBMC of patients with sepsis. We found that cathepsin B activity was significantly higher in sepsis samples as compared to healthy volunteers. Meanwhile, caspase-4 was found to be processed in sepsis samples. These human study data generally suggest an association between cathepsin B upregulation and caspase-4 activation in Gram-negative bacterial sepsis.
In conclusion, for the first time, our experiments demonstrated the role of cathepsin B regulating non-canonical inflammasome pathway by modulating the activity of caspase-11 in 3 ways-cells, animals and patients. Our results highlight the contribution of cathepsin B to non-canonical inflammasome activation that may benefit patients suffering from Gram-negative sepsis.
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